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INTRODUCTION

Relatively little work has been done recently on the immune response to respiratory virus infection.
Early studies on the immediate response to rhinovirus, coxsackievirus, influenza and parainfluenza infections gave some indication of when local and circulating antibodies first appear and when the maximum titre occurs [1] [2] [3] [4] [5] . The change in the concentration of total IgA and protein in nasal secretions after infection was also followed [2, 3, 6, 7]. While some studies have shown that the concentration of local specific antibody declines relatively quickly after infection [3, 8] in others it has been shown to be more long-lasting [9] . Serum antibody is usually more persistent, possibly lasting for life [8, 10] . More recently Barclay and colleagues [11] have shown that local and circulating rhinovirus antibodies are present at relatively high concentrations for at least 1 year after infection.
Both local and circulating
antibodies have been shown to be associated with protection from infection and disease due to coronavirus [12] . While Macnaughton [13] showed that circulating antibody may last no longer than 5 months, Reed [14] indicated that, in volunteers, immunity could last at least a year. However no more detailed studies on the immune response to coronavirus infection have been undertaken, particularly on the kinetics of antibody production after infection. In this study, volunteers at the Common Cold Unit were used to study short-term changes in specific antibody concentrations after infection with coronavirus 229E.
This was in order to answer such questions as how soon local and circulating antibody concentrations start to increase and when the peak concentration is reached. Total blood lymphocytes and their subsets were also examined because it has been shown that lymphocytopenia, particularly of T-cells, occurs in the early stages of rhinovirus [15] and influenza infections [16] [17] [18] . For the purposes of this study the volunteers were divided into two groups, an infected and an uninfected group.
(b) Changes in total blood lymphocytes
The mean total lymphocyte count before challenge was higher in the infected group than the uninfected group, although this difference was not statistically significant ( (Fig. 2c) Fig. 2a) . However the uninfected group showed no significant difference from before the trial, and, while in the infected group concentrations were still significantly raised (P < 0*05) compared with before the trial, they were now lower than in the uninfected group. Serum specific IgA showed no significant changes (Fig. 26 ). In the infected group the mean concentration was still slightly raised compared with before the trial, but concentrations had become slightly lower than in the uninfected group. Serum specific IgG declined in both groups (Fig.  2 c) . However, while concentrations in the uninfected group were significantly lower than before the trial (P < 0*05), in the infected group concentrations were still significantly higher than before the trial (P = 001). However in one infected volunteer the concentration of this antibody was lower than before the trial, and in another had almost returned to its original value. Of the original infected group, 6 out of 9 became reinfected, using the same criteria, but none developed a cold.
One distinguishing feature of the two sets of trials was that virus shedding was of a much shorter duration, in both groups, on re-challenge. In those that shed virus at all, the mean duration was 5*6 days in the first trial, and 2-0 days in the second.
Field study changes in serum specific IgG in natural infections
Serial serum samples had been taken over 2 years from 11 subjects in a field study of respiratory disease in servicemen in Canada. Infections with either coronavirus 229E or OC43 were detected by rises in serum specific IgG against one or the other serotype.
Three subjects showed a decrease in antibody to 229E, as measured by OD in the ELISA test, similar to that seen in volunteer trials (Fig.   3a ). Eight subjects infected with OC43 were also followed up. Despite individual variations, all showed a distinct decline in antibody after convalescence (Fig. 3b,  c) . In two subjects from whom later samples were available, antibody returned to pre-infection values by 33 and 50 weeks respectively (Fig. 3c) . In the few natural infections studied a marked decline in antibody was also observed, but a strict comparison with the size and speed of decline in volunteers is impossible because the results were obtained using OD rather than antibody concentrations.
Immune
DISCUSSION
Furthermore, data for an extended period were only obtained for the strain OC43 and only on a few individuals. Again large individual differences were observed.
The observed differences from rhinovirus infection may simply reflect differences in the number of serotypes.
However they may also be due to differences in the structure of the viral epitopes and the frequency and nature of their interaction with the immune system.
